Objective. To assess preferences between child behavioral problems and estimate their value on a quality-adjusted life year (QALY) scale. Methods. Respondents, age 18 or older, drawn from a nationally representative panel between August 2012 and February 2013 completed a series of paired comparisons, each involving a choice between 2 different behavioral problems described using the Behavioral Problems Index (BPI), a 28-item instrument with 6 domains (Anxious/Depressed, Headstrong, Hyperactive, Immature Dependency, Anti-social, and Peer Conflict/Social Withdrawal). Each behavioral problem lasted 1 or 2 years for an unnamed child, age 7 or 10 years, with no suggested relationship to the respondent. Generalized linear model analyses estimated the value of each problem on a QALY scale, considering its duration and the child's age. Results. Among 5207 eligible respondents, 4155 (80%) completed all questions. Across the 6 domains, problems relating to antisocial behavior were the least preferred, particularly the items related to cheating, lying, bullying, and cruelty to others. Conclusions. The findings are the first to produce a preference-based summary measure of child behavioral problems on a QALY scale. The results may inform both clinical practice and resource allocation decisions by enhancing our understanding of difficult tradeoffs in how adults view child behavioral problems. Understanding US values also promotes national health surveillance by complementing conventional measures of surveillance, survival, and diagnoses.
INTRODUCTION
A year of life with no health problems is one quality-adjusted life year (QALY), and its value serves as a common preference-based metric in comparative effectiveness research (CER). Specifically, any episode with health problems may be summarized by its equivalence in reduced lifespan with no health problems (i.e., QALYs) using responses from a health valuation survey. For example, a participant might be asked, ''Which do you prefer: a year in mild pain or a 6-month loss in lifespan with no health problems?'' Responses to such questions quantify preferences between health outcomes without referencing other considerations (e.g., money). The purpose of this study is to assess preferences between child behavioral problems and estimate their value on a QALY scale.
Although multiple studies have assessed preferences between child health scenarios using responses from valuation surveys, [1] [2] [3] [4] [5] their results are typically not linked to any child health instrument, and therefore cannot directly summarize child health as measured in CER data. Furthermore, child health valuation studies must include a description of lifespan or risk of death in their scenarios to estimate the value of problems on a QALY scale. For example, an Australian study incorporated health scenarios as described by the Child Health Utility 9D, but excluded a lifespan attribute (i.e., no QALYs). 6 To date, only 2 studies are based on a child health-related qualityof-life (HRQoL) instrument and estimate loss on a QALY scale. Both studies valued the Pediatric Asthma Health Outcome Measure (PAHOM) using a standard gamble task, with samples of adults from Seattle, Washington (N = 94), and Birmingham, Alabama (N = 261). 7, 8 Due to this paucity in the literature, CER studies using the Health Utilities Index 9 and the EQ-5D 4 have applied the same QALY weights to both child and adult outcomes, as if their experiences were interchangeable. However, we know from other literature 5 that adults often express preferences about health care differently for children than for adults, especially when resources are limited.
The persistent lack of data on preferences for child health outcomes must be addressed. A PubMed search for the terms ''children health-related quality of life'' identified 3343 articles, with only 127 of them published prior to 2000. The passing of the 2010 US Patient Protection and Affordable Care Act and the formation of the Patient-Centered Outcomes Research Institute (PCORI) have strengthened the importance of HRQoL as a patient-centered outcome. 10, 11 Furthermore, our expanding technological capacity to systematically collect real-time data has the potential to revolutionize our understanding of health-related experiences among children for CER and public health surveillance. In summary, clinical guidelines, resource allocations, and policy decisions are informed by formally weighing evidence on child health outcomes; yet, only one pediatric instrument (i.e., PAHOM) has been directly summarized on a QALY scale. In this study, we take the perspective of US adults and assess preferences between child health behavioral problems as described by the Behavioral Problems Index (BPI).
Developed by James L. Peterson and Nicholas Zill 12 and based on earlier work by Thomas Achenbach, 13 the BPI is a seminal measure of child behavior reported by mothers using 28 3-level items along 6 domains: Anxious/Depressed, Headstrong, Hyperactive, Immature Dependency, Anti-social, and Peer Conflict/Social Withdrawal. [14] [15] [16] This validated instrument has been used broadly in a multitude of surveys, including the Panel Survey of Income Dynamics, 17 the Chicago School Readiness Project, 18 the Child Health Supplements to the National Health Interview Survey, [19] [20] [21] [22] and the National Longitudinal Survey of Youth. [23] [24] [25] [26] [27] [28] The BPI clearly covers important child HRQoL domains, but does not capture all domains of child health, or the impact of behavioral problems on the HRQoL of others (e.g., caregivers). It is also not a ''generic'' measure of broader aspects of HRQoL, such as the Health Utilities Index 9 or the EQ-5D. 4 By summarizing the BPI on a QALY scale, this study provides a new tool that enhances the potential contribution of existing datasets for CER.
METHODS

Participants
To inform medical decision making and health policy, CER requires measurement and valuation. 29 Measurement typically involves surveys of health outcomes completed by patients (e.g., children) or their proxies (e.g., parents or caregivers). Valuation requires surveys of preferences from the perspective of decision makers (e.g., general population). For this valuation study, we surveyed adults (instead of children), age 18 years or older, who resided in the United States, because adults typically make health care decisions for children. Respondents were recruited from a preexisting nationally representative panel of US adults. To promote concordance with the 2010 US Census, we used 18 demographic subgroups (all combinations of 2 genders, 3 age groups, and 3 race/ethnicity groups). Once a minimum number of respondents for a subgroup were received, additional respondents belonging to that subgroup were not allowed (or paid) to complete the survey. The survey was administered online between August 7, 2012, and February 5, 2013. The protocol, including its sampling design and survey instrument, was adapted from the PROMIS-29 valuation study (1R01CA160104) 30 and approved by the University of South Florida Institutional Review Board (USF IRB #8236).
Survey
After consenting, respondents completed a screener in which they reported their current US state of residence, zip code, birthdate, race, Hispanic ethnicity, educational attainment, and household income ( Table  1) . After the screener, respondents proceeded to the survey, which was composed of health, pairedcomparison, and follow-up components. The health component included the PROMIS-29, a validated measure supported by a National Institutes of Health initiative as a measure of adult HRQoL. 31 The follow-up component asked about the respondent's experience with parenting and selected childhood health conditions, and offered an opportunity to leave survey feedback. Unlike the US Census, the American Community Survey excluded adults not in the community (e.g., institutionalized) and describes income by the proportion of households, not of adults. ** Dropout refers to a respondent who exited the study either voluntarily or due to a loss of internet connection. Terminated refers to a respondent who was removed from the survey due to technical requirements (e.g., JavaScript not enabled).
Paired-Comparison Component
Next, respondents were randomly assigned a base scenario (a scenario used as a reference point that does not change) and asked to complete a series of paired comparisons building from this base scenario. The base scenario described the age of an unnamed child (7 or 10 years old) and the duration of a behavioral problem (1 or 2 years). Aside from the 3 examples, the number of paired comparisons ranged from 33 to 40 pairs. Due to space considerations, the appendix provides didactic descriptions of the pairs, adjectival statements, paired selection, econometrics, and results, which are summarized in this section. Initial pairs asked respondents to choose between a behavioral problem and a loss in lifespan given the assigned base scenario. For example, the paired comparison in Figure 1 has a base scenario for a 7-year-old child. In this task, the respondents must choose between a 5-year reduction in child lifespan (i.e., loss of 5 QALYs) and a behavioral problem, specifically, problems relating to Anxiety/Depression, Headstrong, and Immature Dependency for 1 year. For this 7-year-old child, the left alternative represents a 6-year lifespan with no problems, and the right is an 11-year lifespan that starts with 1 year of behavioral problems. For these initial pairs, the life span extended 10 years after the behavioral problem ended, which follows common practice in time tradeoff (TTO) tasks and allows for sufficient range in loss of lifespan. 32 Remaining pairs asked respondents to choose between 2 behavioral problems. Respondents were assigned to see problems, described using statements derived from the BPI, for just 1 of 2 durations (1 year or 2 years). The use of 2 durations was included to assess the constant proportionality assumption. The episodic random utility model (ERUM) assigns value based on episode attributes, including duration (relaxing the constant proportionality assumption), whereas a health state approach (aka the instant random utility model [IRUM]) assumes constant proportionality (i.e., 2 years of problems have twice the value of 1 year). [33] [34] [35] All pair sequences were randomly ordered to reduce sequence effects. Pairs were assigned to respondents according to 18 demographic subgroups to strengthen concordance with the 2010 US Census at the pair level.
Statistical Analysis
Screener responses of those who dropped out, were terminated, and completed the survey were compared using chi-square tests and shown alongside the 2010 US Census results (Table 1 ). Responses to the 211 pairs were stratified by 4 base scenarios (i.e., each respondent sees only 1 of the 4 base scenarios). These pairs (shown in the appendix) include 136 item pairs asking for the respondent's preference between item-specific attributes within each domain, 12 domain pairs asking about preference between domain-specific attributes, 15 class pairs asking about preference between groups of domains, and 48 pairs asking about preference between behavioral problems and losses in lifespan ( Figure 1 ). Figure 2 illustrates responses to 48 pairs comparing behavioral problems and losses in lifespan; however, all pair results are included in the appendix.
The BPI has 28 3-level items and captures up to 56 problems (i.e., differences in the ordinal scale; see Tables 2 and 3 ). For each of the 844 pairs (4 base scenarios 3 211 pairs; see the appendix), the sample probability of choosing A over B, p k , was approximately normally distributed by the central limit theorem and served as the dependent variable of a generalized linear model. Each alternative (A and B) was represented by a linear regression, d h , that includes 56 coefficients, one for each indicator variable of a difference in ordinal scale. For example, the first item in the Anxiety/Depression (AD) domain is sudden change in mood or feeling, and the value of the step from no to sometimes is represented by AD 1,1 , such that the first subscript represents the item and the second subscript represents the lower level of the difference in the ordinal scale. The coefficients of the generalized linear model (GLM) were estimated by minimizing the weighted sum of squared error, P 844 1 d B ) and s 2 k = p k 3 (12p k ) / n k . 36, 37 To understand the motivation for the GLM approach, it is important to recognize that given a pair sample size, N k , and a population probability, P k , its sample probability, p k , is approximately normally distributed if N k 3 P k . 5 or N k 3 (12P k ) . 5. In this study, each pair had 50 or more responses; therefore, each of the 844 sample probabilities are approximately normally distributed, assuming that their P k are between 0.1 and 0.9. In the GLM, P(A k . B k ) is a link function that best fits these normally distributed data. Furthermore, the model was re-estimated after stratifying the pairs by base scenario. The significance level was set at 0.05, and 95% bootstrapped confidence intervals were computed for all parameters.
RESULTS
Survey Participation
Of the 11,496 respondents recruited for this study, 1075 (9.35%) visited only the consent page, 190 (1.65%) reported nonconsent, and 408 (3.55%) dropped out during the screener. Among the 9823 respondents who completed the screener, 2669 (27.17%) belonged to a subgroup that already had sufficient respondents, and 1947 (19.82%) failed the screener requirements. Among the 5207 respondents who were allowed to enter the survey, 805 (15.46%) dropped out during the survey, and 247 (4.74%) were terminated due to technical requirements (e.g., JavaScript not enabled completed the survey were younger than those who dropped out, older than those who were terminated, and better educated than those who did not complete the survey (see Table 1 ). Compared to the 2010 US Census, the analytical sample was demographically similar yet better educated, with small differences at the extremes in annual household incomes (less than $15,000 and greater than $150,000). The sample sizes of the 844 paired comparisons pertaining to the BPI ranged from 51 to 80 respondents. The median survey duration was 25.21 minutes (interquartile range, 19.5-34.2 minutes). Most participants who completed the survey reported that the survey was easy to understand (71%) and navigate (87%).
Choices Figure 2 illustrates the percentage of respondents who preferred reduced lifespan over additional behavioral problems, combining responses across the 4 base scenarios. The value of each behavioral problem on a QALY scale is defined by where its line crosses 50% on the y-axis, because this is the point where exactly half of respondents prefer reduced lifespan over the behavioral problem. As expected, the percentages form lines that are largely parallel and decreasing. The height of a line implies greater willingness to sacrifice lifespan (i.e., in place of a less desirable problem). The topmost line (in this case, denoted with white triangles) indicates the least desirable problems compared to the lines below it. The third line (white squares) is higher (less desirable) than the fourth line (black squares) by construction, because it represents a difference between none and often compared to the difference between sometimes and often in the Hyperactivity domain. Interestingly, problems relating to Anxiety/Depression, Headstrong, and Immature Dependency (triangle lines) were less desirable than problems relating to Hyperactivity (square lines).
Value of Child Behavioral Problems
Tables 2 and 3 describe the value of child behavioral problems on a QALY scale assuming that each problem lasts for 1 year. For all items, the difference between levels 1 (never) and 2 (sometimes) was less than the difference between levels 2 (sometimes) and 3 (often). The value of an item is the sum of its differences in levels, and the value of a domain is the sum of its item values. For example, consider the first item within Hyperactivity: difficulty concentrating or paying attention for long. The value of having this problem sometimes for 1 year equals a loss of 0.064 QALYs, and the value of the difference between having the problem sometimes versus often equals a loss of 0.128 QALYs; therefore, the value of the item is 0.192 (i.e., 0.064 1 0.128). The value of the domain Hyperactivity is 1.400 QALYS (i.e., 0.192 1 0.389 1 0.278 1 0.318 1 0.223), which includes the values of its 5 items.
Across the 6 domains, problems relating to Antisocial behavior were by far the least desirable, particularly the items relating to cheating, lying, bullying, and cruelty to others. This domain was less desirable than all other domains combined (6.630 vs. 5.743 QALYs), possibly because it imposes a burden on others by definition. The least undesirable domain was Immature Dependency (0.406 QALYs), which had the least undesirable item, sometimes clings to adults (0.014 QALYs).
Differences by Age and Problem Duration
After stratifying the estimation by base scenario (see the appendix), we found that only 2 of the 56 problems had significant differences in value by child age at the 1-year and 2-year durations. Both differences relate to the Hyperactivity item, restless, overly active, and cannot sit still. The first shows a higher value (i.e., less preferable) on sometimes hyperactive at age 10 compared to age 7 years (0.057 difference in QALYs; 95% CI, 0.014-0.101). The second places a lower value (i.e., more preferable) on often hyperactive at age 10 compared to age 7 (0.044 difference in QALYs; 95% CI, 0.001-0.096). In addition, we found many significant differences by problem duration at both 7 and 10 years of age (29 and 12 out of 56, respectively). The signs and magnitude of the duration effects suggest that doubling the duration of a behavioral problem less than doubles its value.
DISCUSSION
Given the wealth of available data using the BPI, the importance of CER for medical decision making and health policy, and our expanding technological capacity to systematically collect health data, these results have the potential to greatly improve our understanding of child behavioral problems from the perspective of US adults.
This study found that half of US adults would prefer a 7-year reduction in a child's dozen-year lifespan than for there to be 1 year of that child's antisocial behavior (i.e., often cheats, lies, bullies, and breaks things on purpose, and not sorry after misbehaving; often has trouble getting along with teachers; and sometimes is disobedient at school). This finding may reflect the readily observable impact of antisocial behavior on the child as well as the impacts experienced by his or her family, school, and community. This 7:1 ratio is clearly quite large, but it emphasizes the importance of access to child mental health services and funding of pediatric surveillance and research. Keeping in mind that the losses in lifespan occur in early adulthood and the suffering occurs while a child, the prevention of bullying among children may be worth the seemingly high loss in adult lifespan from the perspective of US adults, possibly due to the perceived long-term and communal consequences of antisocial behavior or the fact that adults have had their ''fair innings'' (i.e., everyone is entitled to some ''normal'' span of health, anyone failing to achieve this has been cheated, and anyone getting more than this is ''living on borrowed time''). 32, 38, 39 On the methodological side, our study explores 2 key assumptions underlying QALYs: age independence and constant proportionality in time. 33 The former implies that adults' preferences regarding child behavioral problems do not depend on the age of the child experiencing it, and the latter states that the value of a problem is in a constant proportion to its duration. For the first to hold true, the preferences concerning losses experienced by a 7-year-old would be the same as those experienced by a 10-year-old. For the second, our estimate of the loss in QALYs caused by a problem lasting 2 years should be twice as large as the loss due to the same problem lasting 1 year. This assumption is rarely tested among adults, although it is known to be violated in previous studies. 40 For children, we hypothesized that both assumptions may be violated because health norms vary greatly between younger and older children (e.g., self-care). Future studies should further investigate these issues and how they may differ between child and adult populations.
Our findings show violations of both assumptions; however, the differences between ages 7 and 10 seem minor compared to the significant violation of constant proportionality: The loss in QALYs for having 2 years of behavioral problems was considerably less than twice the loss for having 1 year of problems. This violation of constant proportionality may be due to faith in the resilience of children; their families, schools, and communities; and a child's ability to adapt to behavioral problems with time. This study, like most valuation studies, asked the respondent to assume that children can be completely rehabilitated after a 1-or 2-year period; however, the respondent's failure to do so (i.e., once a bad egg, always a bad egg) may lead to overestimation in the first year. We recommend further research in this area. It should be noted that constant proportionality is an assumption of the QALY metric, not of the methods in this analysis.
To date, no study has assessed the value of child behavioral problems on a QALY scale. In the tradition of adult health valuation, paired comparisons have been used for the valuation of SF-36, PROMIS-29, and EQ-5D instruments. [41] [42] [43] Pairs including a 10year lifespan are used frequently in the TTO task, common in adult health valuation, which uses an adaptive series of paired comparisons. 15, 16, 44, 45 Unlike TTO-based studies, this preference study is based solely on nonadaptive paired comparisons. Simplifying the comparisons and task reduces cognitive burden, expedites response, and reduces the use of some simplifying heuristics that may introduce bias in complex choices. 46 Future research will show whether the results of this approach might replace the traditional adaptive tasks (e.g., standard gamble).
The study design also raises questions about the effects of using unnamed children and 10-year time horizons in the valuation of child health. Usually, adult participants are asked to value their own health, not the health of an unnamed child. The results might differ with a familial or named description of the child (e.g., by gender, socioeconomic status, or disease), particularly among parents or survivors of childhood diseases. Also, the preferences may change if the reductions in lifespan occurred later in the child's life (as an older adult), instead of 10 years later when the child becomes a young adult. Although 10 years is the most common time horizon, a wide range of lifespans have been incorporated in TTO studies. 47 The use of the 10-year time horizon may be particularly problematic when applied to the valuation of child health. For example, the child in Figure 1 has a tragically short lifespan regardless of the choice (13 and 18 years, respectively), which may confound the preference elicitation task. However, a longer horizon would likely increase a willingness to reduce adult lifespan (i.e., intertemporal discounting) to prevent child behavioral problems, further inflating the seemingly high estimates (i.e., the 7:1 ratio). The issues of unnamed children, ''fair innings,'' and the 10-year time horizon have been raised in other health valuation literature, and they represent an unresolved area for which there is no standard. 32, 38 The present article adds to the sparse literature on adult valuations of child health outcomes, but its novelty also suggests that the results should be approached with caution. Throughout time, as this literature grows, these issues and how they affect valuation may be tested further.
A typical use of study findings like ours would be to facilitate health technology assessment (HTA) or health economic evaluation of the costs and benefits of alternative medical interventions and technologies. This study, like most valuation studies, used an additive regression model on a QALY scale in which often problems comprise the sum of the difference between none and sometimes and the difference between sometimes and often. Although HTA and economic evaluation remain controversial, especially in the United States, 48 they provide an important framework for medical decision making at both the clinical and managerial levels. 5, [49] [50] [51] For child health, one major shortcoming of HTA to date has been the lack of QALY weights for HRQoL instruments that are specific to children. 52 Adult HRQoL instruments often focus on aspects of health that are more relevant to the elderly and miss many important characteristics for children. Moreover, it is inappropriate to assume that how adults experience HRQoL is the same as how children experience it. 9 Future studies may apply our results to existing datasets or examine the preferences of adult subsamples (e.g., parents and caregivers) and children themselves.
Our study helps to improve quantitative and economic evaluation in medical decision making and HTA by providing a preference-based measure of child behavioral problems. Given the growing emphasis on patient-centered outcomes, 53 this advancement is relevant. Our results also show that future HTA for child health policy will need to consider methodological improvements because we found violations of both the constant proportionality in duration and age independence assumptions.
